Background: Deficits in cognition, social cognition, and motivation are significant predictors of poor functional outcomes in schizophrenia. Evidence of durable benefit following social cognitive training is limited. We previously reported the effects of 70 h of targeted cognitive training supplemented with social cognitive exercises (TCT + SCT) verses targeted cognitive training alone (TCT). Here, we report the effects six months after training. Methods: 111 participants with schizophrenia spectrum disorders were randomly assigned to TCT + SCT or TCT-only. Six months after training, thirty-four subjects (18 TCT + SCT, 16 TCT-only) were assessed on cognition, social cognition, reward processing, symptoms, and functioning. Intent to treat analyses was used to test the durability of gains, and the association of gains with improvements in functioning and reward processing were tested. Results: Both groups showed durable improvements in multiple cognitive domains, symptoms, and functional capacity. Gains in global cognition were significantly associated with gains in functional capacity. In the TCT + SCT group, participants showed durable improvements in prosody identification and reward processing, relative to the TCT-only group. Gains in reward processing in the TCT + SCT group were significantly associated with improvements in social functioning. Conclusions: Both TCT + SCT and TCT-only result in durable improvements in cognition, symptoms, and functional capacity six months post-intervention. Supplementing TCT with social cognitive training offers greater and enduring benefits in prosody identification and reward processing. These results suggest that novel cognitive training approaches that integrate social cognitive exercises may lead to greater improvements in reward processing and functioning in individuals with schizophrenia.
Introduction
Cognitive deficits in schizophrenia are recognized as a core feature of the illness and are associated with poor social and occupational outcomes. While these deficits may account for 20% to 60% of the variance in functional outcomes (Fervaha et al., 2014; Green et al., 2000; Lepage et al., 2014; Najas-Garcia et al., 2018) , meta-analytic and statistical modeling studies show that social cognition is more strongly linked to community functioning, and explains unique variance in outcomes, above and beyond cognition alone (De Jong et al., 2013; Fett et al., 2011; Hoe et al., 2012; Schmidt et al., 2011) . Given the significance of social cognition to functional outcomes, cognitive interventions which incorporate both cognitive and social cognitive training may be better suited to achieve clinically meaningful improvements.
Motivation also plays a significant role in the relationship between cognition, social cognition and functioning, and is more strongly linked https://doi.org/10. 1016/j.scog.2019.100171 Received 30 May 2019; Received in revised form 3 December 2019; Accepted 5 December 2019 T to functioning than cognition (Najas-Garcia et al., 2018) . Our group and others have shown that poor social cognitive abilities impede motivation, leading to poor functioning (Bhagyavathi et al., 2015; Fervaha et al., 2015; Gard et al., 2009; Green et al., 2012) . Notably, Bhagyavathi et al. (2015) found that: (a) amotivation and other negative symptoms mediated the influence of social cognition on functional outcome, and (b) social cognition was the strongest predictor of motivation deficits and other negative symptoms. These relationships suggest that interventions that improve social cognition may result in functional improvement through improving both social cognitive and motivation pathways. These pathways are thought to be linked by shared neural circuitry supporting the processing of social stimuli, reward and motivation (e.g. Adolphs, 2009; Bhanji and Delgado, 2014; Millan and Bales, 2013; Strauss et al., 2014) . We previously reported the effects of supplementing targeted cognitive training (TCT) of auditory and visual processes with social cognitive exercises (TCT + SCT), demonstrating improvements in social cognition as well as adaptive change in reward processing in the TCT + SCT group versus the TCT-only group (Fisher et al., 2017) . Here, we tested whether these changes are durable six months after the intervention.
The efficacy of cognitive training and remediation interventions for improving cognition in schizophrenia in the short term is well supported (Katsumi et al., 2015; McGurk et al., 2007; Revell et al., 2015; Wykes et al., 2011) . Evidence supporting the durability of gains is less robust, however, and is especially scarce for social cognitive training. The few studies that have reported on durability of outcomes following social cognitive training have focused on social skills training approaches rather than targeting the underlying neural systems supporting social cognitive processes (Combs et al., 2009; Eack et al., 2010) . SocialVille, the social cognitive intervention used here, is grounded in the principles of neuroplasticity and designed to improve the fidelity of representations of socially relevant stimuli while simultaneously targeting processing speed, working memory, and attentional control (Nahum et al., 2014 (Nahum et al., , 2013 . To our knowledge, no studies have yet examined the durability of a neuroplasticity-based social cognition training program.
The aim of this study was to compare the six-month durability of improvements in cognition, social cognition and reward processing resulting from a targeted auditory and visual training (TCT) supplemented with intensive social cognitive training (TCT + SCT) versus TCT only. In addition, we examined the impact of these trainings on symptoms and functional outcomes at six months post-training. We hypothesized that a) both groups would show durable gains in cognition, b) the TCT + SCT group would show durable gains in social cognitive domains relative to the TCT-only group and c) the TCT + SCT group would show greater gains in reward processing and functioning relative to the TCT-only group at six-month follow up.
Methods

Participants
One hundred and eleven clinically stable participants with diagnoses of schizophrenia, schizoaffective disorder or psychosis not otherwise specified (NOS) were recruited from community outpatient mental health clinics (ClinicalTrials.gov Identifier: NCT02105779). All participants gave written informed consent and underwent a series of baseline clinical and cognitive assessments. Participants were stratified by age, education, and gender and randomly assigned to either the targeted cognitive training plus social cognition training (TCT + SCT) condition or the targeted cognitive training only condition (TCT-only). Participants reported no prior cognitive remediation treatment. All participants received $5 at the end of each successful day of training, and an additional $20 bonus for every fifth day of training, which was contingent on attendance only. A CONSORT diagram of enrollment and allocation is shown in Fig. 1 . Demographic characteristics are presented in Table 1 and medication regimens are shown in Supplemental  Table 1 .
Interventions
The cognitive and social cognitive training was provided by PositScience, Inc. Social cognition training utilized the SocialVille online program (Nahum et al., 2014) . The TCT + SCT group received 30 h of the general auditory exercises supplemented with 10 h of auditory social cognition exercises, followed by 20 h of general visual exercises supplemented with 10 h of visual social cognition exercises. The TCTonly group received 40 h of the general auditory exercises, followed by 30 h of the general visual exercises (Fig. 1) . A description of the auditory, visual, and social cognition exercises is provided in the Supplemental Methods. Participants were asked to complete 1 h of training per day, five days per week. The sequence and hours of training, and number of exercises per session are shown in Fig. 1 .
Average hours of training completed and training intensity during the auditory and visual modules are listed in Table 1 . Seventy participants trained at the lab on laptops (39 TCT + SCT, 31 TCT-only) and 41 participants completed training off-site via iPad (18 TCT + SCT, 23 TCT-only). The difference in the number of participants in each group who trained via iPad was non-significant (Fisher's Exact Test p = 0.25). The iPad version of the exercises differed slightly from the laptop version in its user interface and graphics, due to developments in Posit Science's software packages. However, the 'active ingredients' of each exercise were similar across platforms, including the stimulus sets, stimulus progressions, adaptivity, and exercise logic.
Assessments
A diagnostic assessment was administered at baseline. All other assessments were administered at baseline, after 40 h of training (the auditory module), after 70 h of training (both modules), and 6 months after all training.
Diagnostic assessment
Each participant received a standardized diagnostic evaluation using the Structured Clinical Interview for DSM-IV Axis I Disorders (First et al., 2002) performed by research personnel trained in research diagnostic techniques, as well as review of clinical records and interview with patient informants (e.g., psychiatrists, therapists, social workers).
Cognitive measures
The MATRICS Consensus Cognitive Battery (MCCB) (Nuechterlein et al., 2008) was administered at all time points. All measures were distinct from tasks practiced during training. In addition to the learning trials, the verbal and visual memory trials (i.e. delayed recall) of the Hopkins Verbal Learning Test-R (HVLT-R) and Brief Visuospatial Memory Test-R (BVMT-R) were administered. Alternate forms of the HVLT-R, BVMT-R, and Nab Mazes tests were administered and counterbalanced. All tests were scored and re-scored by a second staff member blind to the first scoring.
Social cognition measures
Social cognition was assessed with the Mayer-Salovey-Caruso Emotional Intelligence Test (MSCEIT) Perceiving Emotions and Managing Emotions (Mayer et al., 2003) the Prosody Identification Test (PROID) (Juslin and Laukka, 2001) , and the Faux Pas Recognition Test (theory of mind) (Gregory et al., 2002; Stone et al., 1998) . Thirty-eight TCT + SCT and 40 TCT-only participants completed the PROID which was added to the battery after the study was initiated. Alternate forms of the Faux Pas Recognition Test were created and counterbalanced.
Motivation measures of reward processing
The Temporal Experience of Pleasure Scale (TEPS) (Gard et al., 2006) was used as a proxy measure of reward processing related to motivated behavior. The TEPS assesses anticipatory and consummatory pleasure. Anticipatory pleasure is closely linked to motivation and goaldirected behavior while consummatory pleasure is associated with satiation (i.e. wanting versus liking). 2.3.5. Symptom and functional outcome measures Symptom severity was assessed using the Positive and Negative Syndrome Scale (PANSS) (Kay et al., 1987) . Functional capacity was assessed with the University of California, San Diego, Performance-Based Skills Assessment-Brief (UPSA-Brief) (Mausbach et al., 2007) . Quality of life was assessed using an abbreviated version of the Quality of Life Scale (QLS) (Bilker et al., 2003; Heinrichs et al., 1984) and the Social Functioning Scale (Birchwood et al., 1990) .
Research staff who conducted clinical or cognitive testing first completed extensive training (e.g., scoring videotaped sessions, observation of sessions, and participating in mock sessions). In our laboratory, intra-class correlation coefficients (ICC) are > 0.85 for the PANSS and QLS Total and subscale scores. Participants and assessment personnel were blind to group assignment.
Target engagement of auditory cortical processing efficiency
Target engagementi.e., improvement in auditory cortical processing efficiency -was monitored at baseline and after 20 h of training using auditory processing speed (APS). This measure consists of a timeorder judgment of a sequence of two frequency modulated tones and is considered a measure of successive signal interference/forward and backward masking. Detailed methods on APS measurement are provided elsewhere (Fisher et al., 2014) .
Statistical analyses
The MCCB computerized scoring program was used to compute age and gender adjusted T-scores and the composite scores. All variables were screened and normally distributed after winsorising of outlying values. Independent Samples t-tests tested for group differences in demographic variables, hours of training, and training intensity. Fisher's Exact Test or Chi-Square Test tested for group differences in categorical variables. To assess effects of attrition, we also tested for differences in demographic variables, hours of training, training intensity and clinical and cognitive variables between study completers and participants who dropped out prior to the six-month assessment. An intent-to-treat analysis was conducted using a linear mixed-effects model with group and time as fixed factors. Model parameters were estimated using restricted maximum likelihood. Participant groups were compared on the change in the MCCB T-scores (listed in Table 2 ), measures of social cognition and motivation, the PANSS, UPSA-Brief, QLS, SFS totals and subscale scores. Effect sizes (Cohen's d) were calculated using mean change scores (baseline to six-month follow up) and change score standard deviations. Change in APS was tested with Paired Samples t-test. Exploratory analyses tested for associations between the change in global cognition and changes in symptoms and functioning in the total sample, and whether changes in social cognition and reward processing were associated with changes in symptoms and functioning in the TCT + SCT group using Pearson correlations. Exploratory analyses were uncorrected for multiple comparisons.
Results
There were no significant differences between groups in baseline demographic characteristics, cognitive measures, symptom severity, functioning, or medication regimens. There were no significant differences between groups in training intensity or attrition rate (χ 2 = 0.05, p = 0.82) at the 6-month follow-up (Table 1 and Fig. 1 ). In terms of attrition, there were no differences in demographic variables, baseline cognitive performance, symptoms or functional outcomes between participants who dropped out at the post-training time point versus those who remained in the study (Fisher et al., 2017) . Participants who completed the six-month follow up time point versus those who dropped out had significantly lower baseline scores on the prosody identification correct responses (t = −2.1, p = 0.036) and the TEPS consummatory pleasure scale (t = −3.0, p = 0.003). There were no other differences between six-month follow up completers and drop outs on demographic variables, baseline cognitive performance, symptoms or functional outcomes.
Cognition
In the total sample, significant main effects of time were found in MCCB Global Cognition (d = 0.47, p < 0.001), Attention (d = 0.31, p = 0.001), Speed of Processing (d = 0.37, p < 0.001), Visual Learning (d = 0.52, p = 0.001), Visual Memory (d = 0.42, p = 0.01), Problem Solving (d = 0.39, p < 0.001), and in Working Memory at trend level significance (d = 0.10, p = 0.08) ( Table 2) . A group-bytime interaction at trend level significance was found in Verbal Learning (d = 0.95, p = 0.08) and Visual Learning (d = 0.61, p = 0.052), with the TCT + SCT group showing greater improvement (Table 2) .
Social cognition
In the total sample, main effects of time were found in the MSCEIT Managing Emotions Scale (d = 0.35, p = 0.01) and in the Faux Pas Test at trend level significance (d = 0.14, p = 0.06). Significant group-bytime interactions were shown in the Prosody Identification Task Correct Responses (d = 1.03, p = 0.01) and Reaction Time (d = 0.03, p = 0.02), with the TCT + SCT group showing greater gains (Table 2 and Fig. 2) .
Reward processing
A significant group-by-time interaction was found on the TEPS Anticipatory Pleasure Scale (d = 0.47, p = 0.04), with the TCT + SCT group showing greater gains (Table 2 and Fig. 2) .
Symptoms and functioning
Significant main effects of time were shown in the PANSS Total (d = −0.20, p = 0.05), PANSS General Psychopathology Subscale (d = −0.35, p = 0.03), and in the UPSA-Brief (d = 0.39, p = 0.003), with both groups showing improvement (Table 2) .
Target engagement
The auditory processing speed measure was available at baseline and after 20 h of auditory training in 58 subjects. There was a significant decrease in the APS threshold from baseline (Mean = 131.13 ms, SD = 117.69 ms) to 20 h (Mean = 73.06 ms, SD = 69.97 ms; t(57) = −4.391, p < 0.001) in the total sample. This improvement was not associated with gains in global cognition, symptoms or functioning at post-training or six-month follow-up.
Exploratory analyses
In the total sample, changes in the UPSA-Brief from baseline to sixmonth follow-up were significantly associated with changes in Global Cognition from baseline to completion of the auditory training module at 40 h of training (r = 0.44, p < 0.01), and from baseline to posttraining (r = 0.35, p = 0.05) (Fig. 3) . In the TCT + SCT group, changes in anticipatory pleasure were significantly associated with gains on the Social Functioning Scale from baseline to the six-month follow-up (r = 0.55, p = 0.04) (Fig. 2) . All other associations were non-significant. K. Miley, et al. Schizophrenia Research: Cognition 20 (2020) 100171 4. Discussion
Targeted cognitive training results in durable cognitive improvements
Our results add to the limited evidence that computerized targeted cognitive training, delivered as a standalone treatment, can drive enduring improvements across multiple cognitive domains. The magnitude of the effects on a range of cognitive measures were in the small to moderate range from baseline to six-month follow up, suggesting that the "dosing" of 70 h of targeted cognitive training is sufficient to drive lasting improvement. We cannot rule out the influence of practice effects. However, a large pooled cohort study of MCCB practice effects showed small effects sizes of Cohen's d = 0.15 for global cognition, and domain effect sizes ranging from 0.09 for problem solving to 0.19 for speed of processing (Georgiades et al., 2017) . The authors report effect sizes of 0.11 on the HVLT-R and 0.13 on the BVMT-R learning trials, which are substantially smaller than the effect sizes in this study. This suggests that our results are not due to practice effects alone. Further, the largest practice effects have been found in studies with testing intervals < 1 month apart, whereas we had a lengthy six-month test interval. Practice effects have also been found to diminish with additional assessments, as employed in our study design (Georgiades et al., 2017) . Finally, we used alternative forms for the HVLT-R and BVMT-R which have been shown to result in minimal practice effects (Benedict and Zgaljardic, 1998) .
Supplementation with social cognition training drives durable gains in prosody identification
To our knowledge, this is the first study to demonstrate that supplementing computerized cognitive training with social cognition training can induce enduring improvements in emotion perception as measured by prosody identification. At the six-month follow up, participants in the TCT + SCT group showed significantly greater improvement in emotional prosody identification accuracy and reaction time relative to the TCT-only group. This is an important finding as patients with schizophrenia have significant impairments in detecting subtle acoustic features such as pitch (Jahshan et al., 2013) . These impairments manifest in deficits of emotion discrimination based on tone of voice and are associated with negative symptoms (Kantrowitz et al., 2013) . As six-month follow up completers performed significantly worse on the prosody identification correct responses measure at baseline compared to drop outs, it is unlikely that the high attrition biased these results. However, we did not find differential improvement in the MSCEIT Perceiving Emotions subscale, and both groups showed improvement over time in the Managing Emotions subscale. We may have been underpowered to detect differences in the Perceiving Emotions measure. It is also possible that due to task design characteristics of this measure, such as unlimited response time and non-social stimuli, it was not particularly sensitive to the emotion recognition improvements driven by the SocialVille exercises, which aim to improve processing speed and accuracy of socially relevant information. 
Supplementation with social cognition training drives durable improvements in reward processing
An important finding of this study is that TCT + SCT participants showed significantly larger gains from baseline to six-month follow up on the TEPS Anticipatory Pleasure scale relative to the TCT-only group. To our knowledge, this is the first randomized controlled trial of social cognitive training to induce durable changes in motivational systems. It is particularly significant that we found significant effects specifically in anticipatory pleasure, described as the "wanting" of an event vs the "liking" of the event, as several studies support an intact neural response to reward in schizophrenia, but impairments in anticipation of these rewards, including hypo-activation of the ventral striatal system and ventromedial prefrontal cortex, and impaired dopaminergic activity in these areas (Frost and Strauss, 2016; Gard et al., 2007; Strauss et al., 2014) .
Our results support the theory suggested by several path analyses that improvements in social cognition may lead to improved motivated behavior, as opposed to amotivation impeding social cognitive abilities (Bhagyavathi et al., 2015; Gard et al., 2009; Green et al., 2012) . This has significant clinical implications given the lack of successful treatment interventions for negative symptoms such as amotivation in schizophrenia and suggests that targeting social cognitive deficits may improve motivation, and that improvements in these domains may translate to improved functioning. Consistent with this model, in our exploratory analysis we found that in the TCT + SCT group, changes in anticipatory pleasure were associated with improvements in social functioning at six-month follow up. In our previous work we demonstrated training induced normalization of medial prefrontal cortex (mPFC) activity during a reality monitoring task immediately after a combined auditory and social cognition training, which was associated with improved social functioning six months later (Subramaniam et al., 2012) . As mPFC is an important node in the reward valuation pathway, it could be hypothesized that the association between increased anticipatory pleasure and increased social functioning found in the current study is mediated by modulated mPFC activity. Together, cognition, social cognition, and motivation are all important contributors to functional ability in schizophrenia, and our results suggest that TCT + SCT may drive enduring improvements in all three of these domains.
Targeted cognitive training results in a decrease in symptom severity, and durable gains in functional capacity
In the total sample, participants showed improvements on the PANSS Total and General symptom scales. The impact of cognitive training on symptoms has been mixed in previous reports, with metaanalytic results showing small effect sizes at post-training that are not durable at follow up (Wykes et al., 2011) . In the total sample, gains in functional capacity as measured by the UPSA, endured at six-month follow up with a small-moderate effect size. Improvements in the UPSA following TCT suggest transfer of cognitive gains to tasks important for daily functioning. Consistently, we found that in the total sample improvements in global cognition after 40 and 70 h of training were associated with improvements in the UPSA at six months. However, no significant changes were found in the Quality of Life or Social Functioning Scale, and improvements in cognition were not associated with improvements on these measures, in contrast to our previous study (Fisher et al., 2010) .
Study limitations and future directions
The main limitations of this study are the small sample size at the six-month follow up, and the high rates of attrition during the active study condition (35-37%) and at the six-month timepoint. While several efforts were made to contact participants for the six-month follow-up assessment, a large portion of participants were unable to be reached. To address the attrition rate in our analyses, we ensured that there were no differential attrition rates between groups, and that attrition did not result in the groups being unbalanced on any baseline demographic, cognitive, symptom or functional measures that could account for our results. Additionally, we used intent-to-treat analysis to help minimize potential bias from attrition. Second, due to our lack of control group, we cannot rule out the possibility that practice effects impacted our results. However, the MCCB cognitive testing battery is the gold standard in the field due to its consistent demonstration of high reliability and low practice effects, and practice effects may be further minimized by the long period between post-training and six-month follow up testing and by the use of alternative forms where applicable (Georgiades et al., 2017; Nuechterlein et al., 2008) . Additionally, the cognitive effect sizes found in this study were substantially larger than those expected due to practice effects (Georgiades et al., 2017) . Third, the generalizability of our results may also be impacted by the sociodemographic background of our sample, which included well educated individuals with a mean age of 43. Finally, this study used a large dose of training hours, and our previous results have demonstrated that significant and durable cognitive gains can be achieved with 50 h of TCT (Fisher et al., 2010) . We do not yet know the optimal length and intensity to drive enduring gains-an important area for future research.
Evidence of enduring effects beyond the immediate training period is needed to support the clinical utility of cognitive training interventions. Treatments that are successful in improving real word functioning may need to go beyond improving cognition to also target social cognition and motivation systems. Our findings indicate that an intensive, targeted, and standalone cognitive training approach may lead to enduring improvements in cognition, symptoms and functional capacity in individuals with psychotic illnesses. Further, when supplemented with social cognition training, durable improvements in prosody identification and reward processing are found; and importantly, improved reward processing may drive enhanced social functioning. Future research must continue to identify the necessary cognitive and reward system targets that will translate into meaningful psychosocial gains.
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